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Corrosion  of  building  plumbing  can  result  in 
reduced  service  life  and  adverse  health  effects 
such  as  those  associated  with  high  lead  blood 
levels,  particularly  in  children.  The  U.S. 
Environmental  Protection  Agency  (USEPA)  has 
established  an  “Action  Level"  (AL)  of  15  pg/L  for 
lead  and  1 .3  mg/L  for  copper  in  drinking  water. 
Army  installations  must  comply  with  the 
increasingly  stringent  drinking  water  quality 
standards  enacted  at  the  Federal  level  and 
enforced  by  State  regulations. 

This  study  evaluated  the  effectiveness  of  in-situ 
coatings  for  inhibiting  lead  corrosion  under  a 
variety  of  water  quality  parameters  in  the 
laboratory.  The  study  compared  the  in-situ 


coating  system  to  zinc  orthophosphate  chemical 
inhibitor  treatment  for  mitigation  corrosion  and 
plumbosolvency.  Results  indicate  that  the  in- 
situ  epoxy  coating  provides  an  effective 
alternative  to  conventional  chemical  treatment 
for  the  prevention  of  lead  and  copper  metal 
release  in  a  system  modeled  to  simulate  a  home 
plumbing  system.  This  study  also  initiated 
operation  of  a  Water  Treatment  Test  Facility 
(WTTF)  to  determine  its  viability  as  a  test  facility 
to  simulate  a  variety  of  water  qualities  in  a  home 
plumbing  system.  The  WTTF  operated  reliably 
over  the  course  of  the  1 2-week  study  and 
produced  valuable  information  on  operating 
procedures. 
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1  Introduction 


Army  installations  must  comply  with  the  increasingly  stringent  drinking  water 
quality  standards  enacted  at  the  Federal  level  and  enforced  by  State  regulations. 
The  Safe  Drinking  Water  Act  (SDWA)  of  1974  required  the  U.S.  Environmental 
Protection  Agency  (USEPA)  to  develop  a  list  of  maximum  contaminant  levels 
(MCLs)  for  inclusion  in  the  National  Primary  Drinking  Water  Regulations 
(NPDWR).*  A  September  1986  amendment  to  the  SDWA  went  on  to  ban  the  use 
of  lead  in  public  water  system  pipes,  solder,  and  flux.  On  7  June  1991,  the 
USEPA  finalized  these  regulations  with  a  requirement  of  an  MCL  for  lead 
concentration  of  0.015  mg/L  measured  in  the  ninetieth  percentile  taken  from  cold 
water  kitchen  faucets  following  a  6-  to  8-hour  stagnation  time.  In  September 
1992,  the  USEPA  finished  Volume  II  of  the  Lead  and  Copper  Rule  (LCR),  which 
is  the  guidance  manual  on  corrosion  control  treatment.  While  the  USEPA  did 
not  ultimately  set  MCLs  for  lead  and  copper,  it  did  set  “Action  Levels”  (ALs), 
which,  if  exceeded,  require  that  certain  actions  be  taken.  These  actions  must  be 
continued  as  long  as  the  specified  level  is  exceeded. 

Much  attention  has  focused  on  the  costly  remediations  required  when  the  lead 
action  level  is  exceeded.  This  issue  plays  a  significant  role  in  the  national  debate 
over  unfunded  environmental  mandates,  and  more  specifically,  in  the  search  for 
cost-effective  ways  to  ensure  that  drinking  water  at  Army  installations  meets  all 
standards  for  quality  and  compliance  with  applicable  laws.  Two  possible  strate¬ 
gies  to  ensure  that  drinking  water  meets  current  standards  are  by  chemical 
treatment  and  by  application  of  coatings  or  linings  to  pipes  or  tubes  to  mitigate 
corrosion  or  plumbosolvency.  This  study  was  undertaken  to  evaluate  the  effec¬ 
tiveness  of  an  in-situ  epoxy  coating  in  comparison  with  a  proven  chemical  treat¬ 
ment  for  potable  water. 


*  "Minimization  of  Lead  Corrosion  in  Drinking  Water,"  Materials  Performance  (August  1990),  pp  45-49. 
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Objectives 

The  purposes  of  this  study  were  to  initiate  operation  of  the  Water  Treatment 
Test  Facility  (WTTF),  and  to  execute  a  12-week  test  program.  This  study  evalu¬ 
ated  the  effectiveness  of  an  in-situ  blown  epoxy  coating  for  the  mitigation  of  lead 
and  copper  corrosion  in  comparison  to  both  a  control  and  a  proven,  effective 
chemical  treatment  (zinc  orthophosphate)  for  potable  water.  An  additional  ob¬ 
jective  of  this  study  was  to  write  an  Operations  Manual  for  the  WTTF. 


Approach 

1.  This  study  employed  two  water  qualities:  (a)  softened  and  (b)  hard  water. 

2.  Samples  were  taken  weekly  following  an  8-hour  standing  time  from  each  of  the 
12  legs  and  analyzed  for  lead,  copper,  total  organic  carbon  (TOC),  orthophos¬ 
phate,  zinc,  methyl  orange  alkalinity  (M-alkalinity),  hardness,  pH,  and  tempera¬ 
ture.  The  results  of  those  analyses  are  detailed  in  Tables  A1-A12,  located  in  Ap¬ 
pendix  A  to  this  report.  Source  water  for  the  loops  was  Champaign-Urbana  tap 
water  (Northern  Illinois  Water  Corporation).* 

3.  Source  water  was  monitored  weekly  for  copper,  TOC,  orthophosphate,  and  zinc. 
Table  A13  includes  all  these  analyses. 

4.  The  soft  and  hard  water  supplied  to  the  legs  was  monitored  for  background  con¬ 
centrations  in  all  of  the  analyses  listed  above  (Tables  A14  and  A15). 

5.  Oxygen  and  temperature  levels  during  operation  were  recorded  by  on-line  in¬ 
struments;  Table  A16  lists  the  average  concentrations. 

6.  The  uncoated  copper  specimens  were  removed  for  corrosion  weight  loss  meas¬ 
urements;  Table  A17  lists  these  results. 


Mode  of  Technology  Transfer 

It  is  anticipated  that  the  results  of  this  study  will  be  incorporated  into  a  Public 
Works  Technical  Bulletin  (PWTB),  to  be  published  by  the  Corps  of  Engineers  In¬ 
stallation  Support  Center  (CEISC),  Alexandria,  VA. 


“Northern  Illinois  Water  Corporation  (NIWC),  201  Devonshire  Road,  Champaign,  IL  61820,  tel.:  (217)  352-7001. 
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2  Laboratory  Evaluation  of  In-Situ 
Coatings  for  Corrosion  Control 

Laboratory  Procedure 

The  water  entering  the  water  treatment  test  facility  can  be  altered  mechanically 
and  chemically  to  produce  a  water  with  the  desired  concentration  of  hardness, 
alkalinity,  pH,  calcium,  etc.  Several  different  water  qualities  (up  to  four)  can  be 
evaluated  during  each  daily  cycle  by  using  a  computer  to  control  sequencing  of 
valves,  pumps,  etc.  Provisions  have  been  made  for  testing  up  to  four  different 
chemical  treatments  for  each  of  the  water  qualities. 

This  study  employed  only  two  water  qualities.  One  was  softened  water  (<2.0 
mg/L  hardness  as  CaCCh)  with  an  alkalinity  of  ~200  mg/L  and  a  flowing  pH  of 
approximately  7.0,  and  the  second  was  a  hard  water  (municipal  supply,  ~80 
mg/L  as  CaC03>  with  the  same  alkalinity  and  a  flowing  pH  of  7.5.  The  original 
intent  was  to  operate  the  hard  water  system  with  a  pH  of  8.0,  but  the  water  was 
not  stable  in  that  pH  range.  The  incoming  municipal  water  has  a  nominal  pH  of 
8.8  to  9.0,  so  the  pH  is  first  lowered  and  the  alkalinity  neutralized  by  the  addi¬ 
tion  of  sulfuric  acid.  Soft  water  loops  are  first  passed  through  a  water  softener  to 
remove  most  of  the  hardness.  After  the  acid  addition,  solutions  of  first  sodium 
bicarbonate  and  then  sodium  hydroxide  are  injected  to  raise  the  alkalinity  and 
pH  to  the  desired  levels.  The  two  flow  rates  employed  were  5  and  3  ft  per  second 
(fps).'  Water  flowed  through  each  of  the  12  legs  for  2  hours  each  day.  Each  of 
the  12  legs  in  operation  had  a  3M:-in.  copper  specimen  with  Vz-in.  coating  of  50/50 
tin-lead  solder  and  3-in.  copper  specimens.  Since  the  loops  are  constructed  of 
PVC  pipe,  these  pipe  specimens  are  the  only  potential  source  of  lead  and  copper 
in  the  system  except  the  incoming  city  water  (Figure  1). 


'1  ft  =  0.305  m;  1  in.  =  25.4  m. 
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Figure  1.  Water  treatment  test  facility  showing  test  specimen  holder  installed  in  the  test  loops. 


The  operating  parameters  for  this  study  are  included  in  the  Water  Treatment 
Test  Facility  Operation  Manual.  Pump  settings,  vat  charges,  cycle  times,  etc.  are 
detailed  in  that  document.  Please  refer  to  that  manual  for  additional  informa¬ 
tion  on  the  operating  conditions  employed  in  this  study. 

Samples  were  taken  weekly  following  an  8-hour  standing  time  from  each  of  the 
12  legs  and  analyzed  for  lead,  copper,  total  organic  carbon  (TOC),  orthophos¬ 
phate,  zinc,  methyl  orange  alkalinity  (M-alkalinity),  hardness,  pH,  and  tempera¬ 
ture.  The  results  of  those  analyses  are  detailed  in  Tables  A1-A12.  Source  water 
for  the  loops  was  Champaign-Urbana  tap  water  (Northern  Illinois  Water  Corpo¬ 
ration).  This  was  monitored  weekly  for  copper,  TOC,  orthophosphate,  and  zinc. 
Table  A13  includes  all  these  analyses.  The  soft  and  hard  water  supplied  to  the 
legs  was  monitored  for  background  concentrations  in  all  of  the  analyses  listed 
above.  This  information  is  provided  in  Tables  A14  and  A15.  Oxygen  and  tern- 
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perature  levels  during  operation  were  recorded  by  on-line  instruments  and  the 
average  concentrations  are  listed  in  Table  A16.  The  uncoated  copper  specimens 
were  removed  for  corrosion  weight  loss  measurements.  These  results  are  pre¬ 
sented  in  Table  A17. 


Analytical  Data 

Tables  Al,  A2,  A3,  and  A4  detail  the  analytical  results  for  the  four  legs  that  used 
specimens  coated  with  the  in-situ  epoxy  coating.  None  of  these  four  legs  showed 
lead  or  copper  concentrations  significantly  above  background  level.  One  concern 
with  the  use  of  the  in-situ  epoxy  coating  was  the  possible  decomposition  of  the 
coating,  which  might  result  in  the  release  of  organic  compounds.  The  supply  wa¬ 
ter  was  monitored  for  background  TOC  levels  (Table  A13),  and  the  average  value 
for  the  12-week  period  was  1.8  mg/L.  The  average  for  the  four  legs  that  used  the 
in-situ  epoxy  coated  specimens  was  1.7  to  1.9  mg/L,  indicating  no  significant  de¬ 
composition  of  the  epoxy  coating.  Neither  the  flow  rate  (5  fps  and  3  fps),  nor  the 
water  quality  had  any  apparent  impact  on  the  lead  or  copper  concentrations. 
The  temperature  was  relatively  constant  throughout  the  course  of  the  experi¬ 
ment,  with  a  range  of  16.9  to  20.3  °C,  and  an  average  value  of  17.9  to  18.6  °C  in 
the  individual  legs.  The  pH  for  the  standing  samples  in  all  of  the  legs  was  con¬ 
stant  at  approximately  7.0  (±0.3). 

The  data  from  the  samples  collected  in  the  four  legs  treated  with  zinc  orthophos¬ 
phate  are  listed  in  Tables  A5,  A6,  A7,  and  A8.  Lead  corrosion  was  obviously  in¬ 
hibited  by  the  zinc  orthophosphate,  since  very  few  of  the  samples  contained  lead 
concentrations  above  the  detection  limit.  Copper  concentrations  were  measur¬ 
able  for  all  12  weeks  in  each  of  the  four  legs  using  zinc  orthophosphate.  The  av¬ 
erage  concentration  of  copper  was  highest  (0.51  mg/L)  in  the  soft  water,  3  fps  leg. 
The  average  concentration  of  copper  in  the  other  three  legs  was  very  consistent 
at  0.41,  0.43,  and  0.44  mg/L.  None  of  the  copper  concentrations  exceeded  the 
USEPA  1.3  mg/L  AL.  The  average  TOC  concentration  in  these  four  legs  was 
very  similar  to  the  coated  specimen  legs,  ranging  from  1.7  to  2.0  mg/L.  Zinc  con¬ 
centrations  averaged  between  0.86  and  0.96  mg/L,  and  the  average  orthophos¬ 
phate  concentrations  were  1.52  to  1.91  mg/L.  The  zinc  orthophosphate  treat¬ 
ment  provided  satisfactory  corrosion  inhibition  of  lead  and  copper. 

Corrosion  rates  for  both  lead  and  copper  was  highest  in  the  control  legs  (Tables 
A9,  A10,  All,  and  A12).  The  soft  water,  5  fps  leg  had  the  lowest  lead  levels,  av¬ 
eraging  1.04  jig/ L.  The  other  three  legs  were  more  consistent  with  each  other, 
averaging  2.10  to  2.74  jig/L.  Hard  water  showed  higher  corrosion  rates  than  soft 
water  for  lead  at  both  flow  rates.  However,  the  average  copper  concentrations 
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were  more  consistent,  ranging  from  1.03  to  1.26  mg/L  for  the  four  control  legs. 
Copper  concentrations  exceeded  the  AL  of  1.3  mg/L  in  41  percent  of  the  samples 
from  these  legs. 

Once  again,  TOC  concentrations  were  comparable  to  both  the  in-situ  epoxy 
coated  specimen  legs  and  the  zinc  orthophosphate  treated  legs,  ranging  from  1.8 
to  2.0  mg/L.  Champaign-Urbana  tap  water  was  used  as  the  supply  for  these 
loops,  and  was  monitored  for  copper,  TOC,  orthophosphate,  and  zinc  (Table  A13). 
Zinc  and  copper  concentrations  were  below  instrument  detection  limits  for  all  of 
the  samples  analyzed.  The  TOC  concentrations  averaged  1.8  mg/L  for  the  dura¬ 
tion  of  the  test  run.  Trace  amounts  of  orthophosphate  recorded  in  two  samples, 
which  may  have  been  due  to  system  pH  upsets  that  resulted  in  a  release  of  phos¬ 
phate  from  existing  deposits  on  the  distribution  piping. 

Flowing  samples  from  the  hard  and  soft  water  supply  loops  (Tables  A14  and 
A15)  were  analyzed  during  most  of  the  12-week  period  for  the  same  constituents 
as  the  legs.  Oxygen  concentrations  averaged  3.6  mg/L  in  the  soft  water  loop  and 
3.8  mg/L  in  the  hard  water  loop.  The  temperatures  were,  as  expected,  much 
lower  in  the  flowing  samples,  averaging  near  10  °C  for  both  loops.  The  copper, 
zinc,  and  lead  concentrations  were  found  to  be  at  or  below  the  detection  limit. 
The  average  temperature  and  oxygen  concentrations  for  the  flowing  hard  and 
soft  water  loops  in  both  the  conditioning  phase  and  the  12-week  test  run  are  in¬ 
cluded  in  Table  A16. 


Weight  Loss  Data 

Corrosion  weight  loss  measurements  were  conducted  on  the  3-in.  copper  speci¬ 
mens  installed  in  the  zinc  orthophosphate  and  control  loops  (Figure  2).  Table 
A17  contains  corrosion  rates  reported  both  as  MDD  (milligrams/decimeter2/day) 
and  MPY  (millimeters  penetration/year).  The  corrosion  rate  was  somewhat 
higher  for  the  soft  water  than  the  hard  water  for  both  velocities  in  the  control 
and  treated  legs.  The  5  fps  velocity  legs  had  higher  corrosion  rates  than  the 
comparable  3  fps  legs  for  three  of  the  four  water  quality/velocity  combinations. 
The  soft  water  legs  treated  with  zinc  orthophosphate  had  the  same  MPY  for  both 
the  3  and  5  fps  legs.  The  effect  of  velocity  on  the  corrosion  rate  of  copper  was  ob¬ 
vious  in  the  control  legs.  The  copper  MPY  for  the  5  fps  legs  in  both  the  hard  and 
soft  waters  was  almost  20  percent  higher  than  in  the  3  fps  legs.  The  recom¬ 
mended  maximum  velocity  for  copper  tube  in  potable  water  systems  in  4  fps; 
flow  rates  higher  than  that  can  cause  an  increase  in  corrosion  rates.  The  corro¬ 
sion  rates  for  the  four  legs  using  zinc  orthophosphate  ranged  from  0.34  to  0.49 
MPY,  and  the  corrosion  rates  in  the  control  legs  were  0.95  to  1.19  MPY. 


CERL  TR-99/39 


Figure  2.  Specimen  holder  with  copper  pipe  specimen  installed. 

Copper  corrosion  rates  of  1.0  MPY  are  much  higher  than  desired  for  potable  wa¬ 
ter  systems.  Corrosion  weight  loss  determinations  were  not  performed  on  the 
3V6-in.  specimens  since  V2  in.  of  the  inside  is  coated  with  50/50  tin-lead  solder, 
and  it  would  be  impossible  to  determine  how  much  weight  loss  was  attributable 
to  copper  and  how  much  was  lead  or  tin. 

Wilcoxon  Signed  Rank  Test 

The  Wilcoxon  Signed  Rank  Test  (Wilcoxon)  is  a  nonparametric  statistical  analy¬ 
sis  comparing  two  related  (dependent)  samples.  The  Wilcoxon  takes  into  account 
the  size  of  the  rank  order  differences  within  pairs  of  data,  as  opposed  to  the  nu¬ 
merical  values  of  the  differences.  Paired  data  were  examined  among  three  dif¬ 
ferent  water  treatment  conditions  (epoxy  coating,  zinc  orthophosphate,  and  con¬ 
trol)  under  four  different  water  quality  conditions.  Table  1  summarizes  the 
water  treatments  and  qualities.  The  Wilcoxon  was  applied  to  look  for  differences 
among  the  three  different  water  treatments. 
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Table  1.  Sample  identifications. 


Water 

Quality 

Ml 

A-1 

i 

Coating 

1-1 

1 

2 

Zinc  Orthophosphate 

R-1 

3 

Control 

D-3 

1 

Coating 

L-2 

2 

2 

Zinc  Orthophosphate 

S-1 

3 

Control 

F-1 

1 

Coating 

M-1 

3 

2 

Zinc  Orthophosphate 

V-1 

3 

Control 

G-1 

i 

Coating 

P-2 

4 

2 

Zinc  Orthophosphate 

W-1 

3 

Control 

In  this  experiment,  copper,  lead,  and  total  organic  carbon  (TOC)  values  in  water 
were  recorded.  The  Wilcoxon  was  performed  separately  for  each  of  these  three 
elements.  Appendix  A  gives  statistical  data  for  element  concentrations  versus 
water  treatments  within  a  water  quality  group.  Statistical  data  for  copper  con¬ 
centrations  appear  first,  then  lead  and  TOC;  water  quality  is  shown  as  WQ,  and 
water  treatment  as  WT.  Table  2  lists  the  Wilcoxon  for  copper,  lead,  and  TOC. 

The  numbers  corresponding  to  the  water  treatments  and  qualities  are  as  des¬ 
ignated  in  Table  1.  The  Wilcoxon  tables  are  broken  down  into  three  sections: 

1.  Counts  of  Differences'.  This  section  presents  the  number  of  times  element  values 
from  a  given  WQ  and  WT  (listed  along  the  left-hand  column)  are  greater  than  the 
values  for  one  of  the  other  WTs  (listed  along  the  top  row). 

2.  Z:  This  section  presents  the  sum  of  the  signed  ranks  divided  by  the  square  root 
of  the  sum  of  the  squared  ranks.  This  statistic  is  given  meaning  by  the  probabil¬ 
ity  value  obtained  in  statistical  tables.* 

3.  Two-Sided  Probabilities :  The  statistical  significance  to  the  corresponding  Z-value 
is  given  in  this  section.  A  probability  of  1.000  means  the  paired  rankings  are  in¬ 
distinguishable  from  one  another  and  the  differences  between  them  are  insignifi¬ 
cant.  A  probability  of  0.001  means  there  is  a  99.9  percent  probability  the  paired 
rankings  are  distinguishable  and  significantly  different. 


‘Vincent  F.  Hock,  Henry  Cardenas,  Kent  W.  Smothers,  and  Eric  D.  Zelsdorf,  Control  of  Plumbosolvency  in  Building 
Plumbing  Supplies,  Technical  Report  (TR)  96/74/ADA315200  (U.S.  Army  Construction  Engineering  Research 
Laboratories  [USACERL],  July  1996). 
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Table  2.  Summaries  of  the  Wilcoxin  for  copper,  lead,  and  TOC  values. 


Water 

Quality 

Copper 

Lead 

TOC 

WQ1 

WT1  was  the  best  treatment 
for  this  WQ,  having  a  99.8 
percent  significance  over  WT2 
and  WT3.  WT2  ranked  sec¬ 
ond,  also  having  a  99.8  per¬ 
cent  significance  over  WT3. 

The  results  for  comparing  WT1 
and  WT2  were  not  distinguish¬ 
able.  However,  both  WT1  and 

WT2  were  significantly  better  than 
WT3  (over  99  percent). 

There  was  no  significant  differ¬ 
ence  between  WT1  and  WT2, 
as  well  as  between  WT2  and 
WT3.  The  results  for  WT1  and 
WT3  were  96.5  percent  distin¬ 
guishable,  with  WT1  prevailing. 

WQ2 

The  results  for  WQ2  were 
almost  identical  to  WQ1 .  WT1 
had  over  a  99  percent  signifi¬ 
cance  over  WT2  and  WT3. 

WT2  had  a  99.7  percent 
significance  over  WT3. 

The  results  were  similar  to  the 

WQ1  results.  WT1  and  WT2 
were  not  distinguishable,  but  both 
WTs  prevailed  over  WT3. 

None  of  the  three  water  treat¬ 
ments  were  statistically  distin¬ 
guishable  from  one  another  for 
this  water  quality. 

WQ3 

The  results  were  exactly  iden¬ 
tical  to  the  results  obtained  for 
WQ1 .  WT1  was  the  best, 

!  followed  by  WT2  and  WT3. 

In  this  case,  WT1  and  WT2  were 
distinguishable,  with  WT2  having 
a  95.7  percent  significance  over 
WT1 .  Both  WT1  and  WT2  were 
significantly  better  than  WT3 
(over  95  percent). 

The  results  for  WQ3  were  the 
same  as  for  WQ2.  None  of  the 
three  water  treatments  were 
statistically  distinguishable  from 
one  another. 

WQ4 

Once  again  the  results  were 
similar  to  WQ1.  Order  of  per¬ 
formance:  WT1,  WT2,  WT3. 

WT1  had  a  slight  significant  edge 
over  WT2  (92  percent),  and  WT3 
had  the  most  number  of  larger 
lead  values,  placing  it  last  among 
the  three  water  treatments. 

For  WQ4,  WT2  was  slightly 
significantly  different  over  WT1 
(91.9  percent).  The  remaining 
results  were  not  distinguish¬ 
able. 

Table  3  summarizes  the  results  shown  in  Table  2,  and  ranks  the  water  treat¬ 
ments  for  the  reduction  of  each  element.  The  data  in  Table  3  shows  that  the  ep¬ 
oxy  coating  was  the  most  effective  for  reducing  copper  concentrations  in  the  pipe 
loop.  Both  the  epoxy  coating  and  the  zinc  orthophosphate  were  effective  in  re¬ 
ducing  lead  values,  and  both  coatings  seemed  to  work  equally  well  in  comparison 
with  the  control.  However,  all  three  water  treatments  were  statistically  indis¬ 
tinguishable  from  one  another  in  reducing  TOC  values.  None  of  the  water 
treatments  stood  out  as  a  good  agent  for  the  reduction  of  TOC  in  water. 

Table  3.  Wilcoxon  signed  rank  test  results. 


Copper  Lead  TOC 

Water  Quality  Water  Treatment  Rank _ Water  Treatment  Rank _ Water  Treatment  Rank 

WQ1  WT1  I  WT2  WT3  WT1.WT2  I  WT3  I  —  WT1.WT2.WT3  I  — 
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Visual  Observations 

Visual  observations  were  made  for  all  of  the  3V6-in.  and  3-in.  specimens  after 
completing  the  test  run,  and  before  making  any  weight  loss  determinations.  The 
exterior  surface  of  each  specimen  was  discolored,  indicating  there  had  been  some 
seepage  of  water  between  the  specimen  and  the  holder.  The  specimens  desig¬ 
nated  by  “C”  are  the  3-in.  copper  specimens  and  those  designated  by  “P”  are  the 
3VS2-in.  copper  and  tin-lead  solder  specimens.  In  addition  to  the  coated  copper 
test  specimens,  Figure  3  shows  a  4-in.  diameter  steel  pipe  that  was  coated  with 
approximately  14  mils  (1  mil  =  0.001  in.)  of  epoxy  in  situ  during  a  field  demon¬ 
stration  at  Elmendorf  AFB,  Anchorage,  AL.  Table  4  lists  the  visual  observa¬ 
tions.  (Appendix  B  contains  photographs  of  the  test  specimens  listed  in  Table  4.) 


Figure  3.  Four-in.  steel  pipe  coated  with  approximately  14  mils  epoxy,  in  situ. 
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3  Conclusions  and  Recommendations 


The  results  of  this  study  clearly  indicate  that  the  in-situ  epoxy  coating  provides 
an  effective  alternative  to  conventional  chemical  treatment  for  the  prevention  of 
lead  and  copper  metal  release  in  a  system  modeled  to  simulate  a  home  plumbing 
system.  Lead  concentrations  were  lower  than  the  USEPA  AL  for  all  of  the  sam¬ 
ples,  but  this  was  probably  due  to  the  very  small  surface  area  of  lead  available. 
The  control  samples  had  measurable  lead  concentrations  in  most  samples  (>80 
percent),  with  three  of  the  legs  averaging  more  than  2  jig/L  lead  for  the  standing 
samples.  The  zinc  orthophosphate  and  in-situ  epoxy  coating  legs  all  had  only 
occasional  (<20  percent)  lead  concentrations  above  the  detection  limits.  Copper 
concentrations  were  very  high  in  the  control  legs,  having  average  copper  concen¬ 
trations  near  the  USEPA  AL  of  1.3  mg/L  (1.03-1.26  mg/L)  for  each  leg,  with  ~41 
percent  of  the  samples  exceeding  the  AL.  The  zinc  orthophosphate  exhibited  a 
significant  improvement  in  the  copper  concentrations  found  in  the  standing 
samples  for  all  water  qualities,  with  none  of  the  samples  exceeding  the  AL.  The 
average  copper  concentrations  varied  from  0.41  to  0.51  mg/L.  The  in-situ  epoxy- 
coated  legs  showed  an  even  more  dramatic  reduction  of  copper  levels  than  the 
zinc  orthophosphate  treatment,  with  only  one  of  the  48  samples  having  a  copper 
concentration  (0.030  mg/L)  above  the  detection  limit  of  0.006  mg/L. 

This  study  also  initiated  operation  of  the  WTTF,  and  determined  its  viability  as 
a  test  facility  to  simulate  a  variety  of  water  qualities  in  a  home  plumbing  sys¬ 
tem.  The  WTTF  operated  reliably  over  the  course  of  the  12-week  study,  which 
gathered  valuable  information  on  operating  procedures.  Comprehensive  infor¬ 
mation  on  the  operation  of  the  loop,  computer  programs,  and  equipment  specifi¬ 
cations  can  be  found  in  the  Water  Treatment  Test  Facility  Operation  Manual. 

It  is  recommended  that  draft  guidance  be  developed  for  the  use  of  nonchemical 
treatment  such  as  “In-Situ  Pipe  Coatings  for  Mitigation  of  Corrosion  and  Plum- 
bosolvency.”  The  draft  guidance  should  be  incorporated  into  a  draft  Center  for 
Public  Works  Technical  Bulletin  (PWTB)  and  Corps  of  Engineers  Guide  Specifi¬ 
cations  (CEGS)  15400  and  15401. 


Appendix  A:  Tables 
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Counts  of  Differences  (Row  Variable  Greater  Than  Column) 

_ WQ3WT1  WQ3WT2  WQ3WT3 
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WQ3WT2  0  0  0 
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Appendix  B:  Photographs  of  Copper  Pipe 

Test  Specimens 


Figure  B1.  Specimen  C11  (in-situ  epoxy  coating,  hard  water,  5  fps). 


Figure  B2.  Specimen  P11  (in-situ  epoxy  coating,  hard  water,  5  fps). 
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Figure  B4.  Specimen  PI 4  (in-situ  epoxy  coating,  soft  water,  5  fps). 
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Figure  B6.  Specimen  P10  (in-situ  epoxy  coating,  hard  water,  3  fps). 
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Figure  B7.  Specimen  Cl 2  (in-situ  epoxy  coating,  soft  water,  3  fps). 


Figure  B8.  Specimen  PI 2  (in-situ  epoxy  coating,  soft  water,  3  fps). 
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Figure  B9.  Specimen  C06  (zinc  orthophosphate,  hard  water,  5  fps). 


Figure  BIO.  Specimen  P06  (zinc  orthophosphate,  hard  water,  5  fps). 


Figure  B11.  Specimen  C09  (zinc  orthophosphate,  soft  water,  5  fps). 


Figure  B12.  Specimen  P09  (zinc  orthophosphate,  soft  water,  5  fps). 
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Figure  B13.  Specimen  C07  (zinc  orthophosphate,  hard  water,  3  fps). 


Figure  B14.  Specimen  P07  (zinc  orthophosphate,  hard  water,  3  fps). 
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Figure  B16.  Specimen  P08  (zinc  orthophosphate,  soft  water,  3  fps). 
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Figure  B17.  Specimen  Cl 3  (control,  hard  water,  5  fps). 
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Figure  B20.  Specimen  P01  (control,  soft  water,  5  fps). 
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Figure  B21.  Specimen  C02  (control,  hard  water,  3  fps). 


Figure  B22.  Specimen  P02  (control,  hard  water,  3  fps). 
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Figure  B23.  Specimen  C03  (control,  soft  water,  3  fps). 
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